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Yield traitsAbstract Genetic variability and identiﬁcation of some molecular markers were studied in twenty
promising lines of wheat using agronomic traits, ISSR (inter simple sequences repeats) and RAPD
(random ampliﬁed polymorphic DNA) markers. Signiﬁcant variation was evidenced in all agro-
nomic traits. The lines proved to be superior to the check cultivar Sahel1 in yield and its component
traits. Lines L2, L7 and L8 were the best in most yield component traits in both seasons. Moreover,
Lines L2, L4, L5, L7 and L8 showed drought tolerance by which they displayed high performance
in agronomic traits as well as a low drought susceptibility index. The percentage of polymorphism
was 39.3% and 53.2% for ISSRs and RAPDs, respectively. UBC-881 belonged to penta-nucleotide
repeat sequences (GGGTG) that produced the highest level of polymorphism, while UBC-846
belonged to di-nucleotide repeat sequences (CA) that produced the lowest level of polymorphism.
Genetic similarities among wheat lines based on ISSR and RAPD markers ranged from 0.81 to 1.00
and from 0.86 to 0.98, respectively. There was a low average of PIC (polymorphism information
content) values which were 0.10 (ISSR) and 0.15 (RAPD). The RAPD technique exhibited a higher
marker index (MI = 0.69) compared to ISSR (MI = 0.43). There was insigniﬁcant correlation
between ISSR and RAPD data (0.168, p> 0.05). There were two markers (UBC-881450bp and
OPF-10540bp), on each of which two traits regressed signiﬁcantly. The associated markers each
explained a maximum regression of 18.92–34.95% of the total available variation for individual
associated traits.
ª 2015 Production and hosting by Elsevier B.V. on behalf of Academy of Scientific Research &
Technology.1. Introduction
Bread wheat (Triticum aestivum L.) is considered to be one of
the most important cereal crops in the world as well as in
Egypt. Increasing wheat production is an important national
goal in order to decrease the great gap between production
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in the population with a greater rate than production.
Expansion of the wheat area in reclaimed lands faces the prob-
lem of drought stress conditions because of the dominance of
sandy soil and limited moisture from rainfall. Therefore, great
efforts have been directed by plant breeder toward developing
suitable wheat genotypes which have high production and tol-
erance for drought conditions.
Drought tolerance is deﬁned as the ability of a plant to live,
grow and reproduce satisfactorily with limited water supply or
under periodic conditions of water deﬁcit [59]. Crop plants
should not only have the ability to survive under drought
but also the ability to produce a harvestable yield. Research
into the molecular aspects of drought tolerance has tended
to focus on plant survival at the expense of yield. However,
severe water deﬁcits are rare in viable agriculture, and asking
how crops respond to or survive extreme drought is unlikely
to have much practical impact [40]. Drought tolerance is a
quantitative trait, with complex phenotype and genetic control
[32]. Understanding the genetic basis of drought tolerance in
crop plants is a prerequisite for developing superior genotypes
through conventional breeding. Given the complexity of the
genetic control of drought tolerance (multigenic, low-
heritability, and high G · E interactions), marker assisted
selection (MAS) has not contributed signiﬁcantly to cultivar
improvement for dry environments and breeding has relied
on direct phenotypic selection.
Over the years, the methods for detecting and assessing
genetic diversity have extended from analysis of discrete mor-
phological to biochemical and molecular traits. Several PCR-
based markers were developed and applied to assess the genetic
variation among populations and genetic resources. These
marker systems are different in technical principle, type of
inheritance, reproducibility, amount of polymorphism and in
their costs [42]. Molecular markers provide a direct measure
and go beyond indirect diversity measures based on agronomic
traits or geographic origin. Applying molecular markers and
recognition of polymorphic nucleotide sequences dispersed
throughout the genome have provided new possibility for eval-
uating genetic diversity and determining of inter and intra-
species genetic relationships [22,25]. The right choice of a tech-
nique, proper sampling procedure and judicious interpretation,
these laboratory methods can provide reliable and accurate
results for variety identiﬁcation and genetic purity testing in
a considerably short period of time [51]. Efforts have been
made to characterize wheat genotypes with molecular markers
[23]. Among the available methods, ISSR and RAPD markersTable 1 Brief description of the origin of lines (L1–L20) of bread w
Lines Codes Parents
L1 F5-sp69 (Sakha-69 · C.B-6)
L2 F5-Dr56 (Sakha-8 · C.B-8)
L3 F5-Dr12 (Gemaza-3 · Sakha-69)
L4 DII-H12 (Giz-163 · Sedes-8)
L5 DI-H19 (Giz-164 · Sakha-8)
L6 F5-Dr33 (Gemaza-3 · C.B-8)
L7 DI-H14 (Giza-155 ·Giza-164)
L8 DII-H20 (Giz-163 · Sedes-6)
L9 DI-H28 (C.B-261 · Gemaza-3)
L10 DII-H28 (Sedes-8 · Giza-167)have been widely used for diversity studies, DNA ﬁngerprint-
ing, map construction and linkage analysis among wheat geno-
types. Marker association studies have been conducted, which
not only allow mapping of genes/QTLs (QTLs, for quantita-
tive trait loci) with higher levels of conﬁdence, but also allow
detection of genes/QTLs, which would otherwise escape detec-
tion in linkage-based studies [9,38]. Moreover, molecular
markers are widely used to detect the location of drought-
induced genes. Because molecular markers are not subject to
environmental inﬂuence they are considered superior to mor-
phological markers [31]. Different molecular markers are cur-
rently available for genome mapping and tagging of different
traits which is useful for marker assisted breeding technique
in wheat in stress conditions [5]. The present study aimed to:
(1) determine the performance and behavior of 20 bread wheat
lines for yield traits under normal and drought stress condi-
tions, (2) evaluate the usefulness of molecular markers viz.
ISSRs and RAPDs, in assessing and analyzing the nature
and the extent of genetic diversity among tested inbred lines
and (3) identify molecular markers strictly associated with
important agronomic traits.
2. Materials and methods
2.1. Plant materials
Seeds of twenty Egyptian lines of bread wheat (T. aestivum L.)
in the F10 generation were selected and developed from some
crosses (Table 1), at experimental Farm of the Faculty of
Agriculture, Sohag University, Egypt. In addition Sahel1 was
used as a check cultivar.
2.2. Phenotypic evaluation
Split plot design with four replicates was used in this study.
The main plot was occupied with the irrigation treatments.
Genotypes were allocated in the subplots. Each plot consisted
of 15 rows (20 cm spacing) of 3.5 meter length, i.e., 10.5 m2
(1/400 feddan) and then converted to hectare. The ﬁrst exper-
iment was grown under supplemental water applied regularly
as recommended (Normal ‘‘N’’) and the second did not receive
any irrigation after the heading stage (drought stress ‘‘D’’).
Planting date was 18th and 20th November in 2011/2012 and
2012/2013 seasons, respectively. The experimental ﬁeld soil
was sandy-clay in texture. Normal agronomic practices of
growing wheat were carried out until harvest.heat used in phenotypic and molecular marker analyses.
Lines Codes Parents
L11 F5-sp4 (Gemaza-1 · C.B-15)
L12 DI-H7 (Sakha-206 ·Gemaza-3)
L13 DI-H25 (Gemaza-3 · Sakha-8)
L14 DII-H8 (Giza-163 ·Giza-167)
L15 DI-H17 (Giza-155 · C.B-C6)
L16 DI-H13 (Gemaza-3 · Sedes-1)
L17 DI-H19 (Sakha-8 · Giza-164)
L18 DII-H6 (Sakha-610 · C.B139)
L19 DI-H22 (Gemaza-3 ·Giza-164)
L20 F5-Dr73 (C.B-8 · Sakha-69)
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Plant height (cm), number of spikes/m2, spike length (cm) and
1000-kernel weight (gm) were measured. Grain and biological
yields (ton/hectares) were determined for the plot area and
then converted to yield per hectare. Thus, harvest index (grain
yield/total biological yield) was determined.
2.4. Statistical analysis
The combined analysis of two season data was conducted
according to Snedecor and Cochran [52]. Mean values of the
recorded data were compared by using the least signiﬁcant dif-
ferences (L.S.D.0.05) according to Wynne et al. [60]. Drought
susceptibility Index (DSI): was calculated according to the
method of Fischer and Maurer [19]. Stress tolerance index
(STI), for grain yield was computed as a formula used by
Farshadfar et al. [18].
2.5. DNA extraction, ISSR and RAPD assays
Lines seeds were planted into pots containing peat moss and
placed under greenhouse conditions at 22 C (Laboratory of
plant reproduction and development (RDP), ENS of Lyon,
France). Total Genomic DNA was extracted from young leaf
pieces (approximately 1 cm2) using the BioSprint 96
Workstation (RDP, ENS of Lyon, France) and the DNA
Plant Kit (Qiagen), according to the instructions of the sup-
plier. PCR assay was performed in a 20 ll volume containing
2 ll of 10 · PCR blue buffer, 0.4 ll of dNTPs (PRomyga,
Madison, USA) 2 ll of primer, 0.2 ll of GoTaq DNA poly-
merase Core System mixture (Promega), 13.4 ll of sterile ultra-
pure deionized water and 2 ll of 100 ng DNA template. A
negative-DNA control was obtained by adding 1l of sterile
ultrapure deionized water. The Thermal Cycler was programed
by: 1 cycle (an initial denaturing step) of 5 min at 95 C, 40
cycles of 30 s at 95 C (denaturation step), 30 s at 33–55 C
(annealing step, optimized for each primer), 1 min 30 s at
72 C (elongation step) and 5 min at 72 C (ﬁnal extension),
then kept at 20 C. PCR products were visualized by conven-
tional agarose gel electrophoresis [49]. For ISSR markers, 26
primers were tested as single primers for the ampliﬁcation of
genomic DNA. Of these, 16 primers produced polymorphic
band patterns. Twenty single primers of RAPD markers were
screened across the 20 wheat lines, and twelve of them were
polymorphic.
2.6. Data analysis
DNA banding patterns generated by ISSR and RAPD were
analyzed by computer program Gene Proﬁler (version 4.03).
The presence (1) or absence (0) of each band was recorded
for each line for all tested primers. To measure the informa-
tiveness of the ISSR and RAPD markers in differentiating
among 20 wheat lines, polymorphism information content
(PIC) was calculated according to the formula proposed by
Ghislain [21], as PIC = 1  [(p)2 + (q)2], where p is the fre-
quency of the allele band present and q is frequency of the
allele band absent across wheat lines. The marker index (MI)
was also calculated for each ISSR and RAPD primer asMI= PIC · gb, where PIC is the mean PIC value, g the num-
ber of bands, and b is the proportion of polymorphic bands,
based on the method of Powell et al. [43]. Analysis of variance
(ANOVA) was conducted using the 1–0 data. The association
analysis was conducted using simple linear regression. For this,
data on individual phenotypic trait were regressed on whole 1–
0 binary marker data for each individual marker using Excel
program. The coefﬁcient of determination (R)2 was calculated
as R2 = 1  (SSE/SST), where SSE is the sum of squares of
error and SST is the total sum of squares. Genetic similarity
estimates for ISSR and RAPD markers were determined using
Nei and Li’s method [39]. Dendrograms were generated with
the unweighted pair group method with arithmetic mean
(UPGMA) using the computational package MVSP version
3.1. A cophenetic matrix was derived from each matrix to test
goodness of ﬁt of the clusters by comparing the matrices using
the Mantel test [30]. Finally, the correlation between ISSR and
RAPD distances was calculated using NTSYS-pc version 2.2
[45].
3. Results and discussion
3.1. Phenotypic evaluation
3.1.1. Analysis of variance
The combined analysis of variance for tested traits (Table 2)
revealed highly signiﬁcant differences affected by years, water
stress treatments and genotypes except harvest index. These
results showed that the wheat inbred lines responded differ-
ently when they were grown under water stress conditions.
3.1.2. Effect of wheat genotypes
Table 2 showed the differences between the tested wheat lines
in yield and its components. It was appeared that some intro-
duced lines were superior to the check cultivar (Sahel1) in yield
and its component traits. Within the studied lines, L2, L7 and
L8 surpassed all other lines and Sahel1 in most yield compo-
nent traits in both seasons. It could be concluded that wheat
yield and its components were adjusted a lot due to the wheat
gene effect since lines L2, L7 and L8 were more effective in pre-
dicting more yield and its components. These results were in
agreement with [15,62,35], they found there are signiﬁcant dif-
ferences among wheat cultivars in yield and its components.
3.1.3. Effect of drought stress conditions
The response in terms of wheat yield and its components by
exposing plants to skipping irrigation at the heading stage is
presented in Table 3. Normal irrigation for wheat plants sig-
niﬁcantly results in higher yield and its components as com-
pared to drought stress. Preventing irrigation at the heading
stage induced a decrease in the wheat yield and its compo-
nents. Preventing irrigation at the heading stage may cause a
great decrease in some important processes affecting yield pro-
duction such as cell division and enlargement mainly that of
spikes, ﬂowering, fertilization, kernel formation and food
translocation to the formed kernels. Similar results were
obtained by Emel [17], Reiad et al. [44], Amin [3], Mohamed
and Said [33], Anwar et al. [4], they concluded that drought
stress conditions decreased wheat yield signiﬁcantly and most
of its components.
Table 2 Mean squares of the combined analysis of variance for all studied traits over two years.
S.O.V D.F Mean squares
Plant height No. of spikes/m2 1000-kernel weight Spike length Biological yield Grain yield Harvest index
Year (Y) 1 293.19** 48807.20** 373.96** 9.91** 82.24** 7.08** 14.18
Drought (D) 1 10487.06** 351655.20** 8346.37** 38.85** 3547.28** 373.35** 0.35
Y ·D 1 3.81 2497.61** 11.75** 0.01 2.25 0.82 17.47
Error a 12 37.57 1111.90 3.31 0.07 13.41 2.26 11.59
Genotype (G) 19 501.07** 26766.17** 69.45** 5.73** 40.11** 7.47** 251.70**
Y ·G 19 0.75 39.15 1.14 0.03 0.90 0.01 12.60
D · G 19 80.12** 766.88** 19.75** 0.14** 9.31** 1.87** 68.68**
Y ·D ·G 19 0.77 25.98 0.90 0.03 0.24 0.01 1.92
Error b 228 11.53 249.88 1.99 0.06 1.15 0.18 8.05
*,** Signiﬁcant at 5% and 1% levels of probability, respectively.
Table 3 The range and mean values for all studied traits under well-watered and drought stress conditions over two years.
Traits Well-watered Drought stress
Range Means ± S.E Range Means ± S.E
Plant height (cm) 91.20–112.49 102.94 ± 1.57 76.76–103.34 91.49 ± 1.67
No. of spikes/m2 232.88–390.13 317.17 ± 10.75 185.13–301.63 250.87 ± 8.45
1000-kernel weight (gm) 34.04–42.36 38.88 ± 0.59 24.16–31.93 28.67 ± 0.75
Spike length (cm) 10.85–12.90 11.87 ± 0.14 10.25–12.34 11.17 ± 0.12
Biological yield (ton/hec.) 9.971–18.051 14.998 ± 0.991 6.525–10.045 8.339 ± 0.321
Grain yield (ton/hec.) 3.050–6.151 4.776 ± 0.589 1.980–4.071 2.694 ± 0.111
Harvest index (%) 24.64–39.40 32.51 ± 0.99 22.42–43.70 32.44 ± 0.77
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The different studied lines exposed to drought effect, showed
depression in the mentioned studied characters (Table 3).
Line L7 showed superiority mainly in tested characters by
97.53 cm, 295.88, 11.30 cm, 31.51 gm, 3.13 ton/hec.,
10.05 ton/hec. and 31.27% for plant height, number of
spikes/m2, spike length, 1000-kernel weight, grain yield, bio-
logical yield and harvest index respectively, as compared with
check cultivar under drought stress (Table 4). These results
indicated that L7 is considered as the most promising line
under drought stress conditions in yield and its components.
Thus the variation in genotypes over the environments could
provide scope for breeding drought tolerant cultivars [10,50].
3.1.5. Drought susceptibility index (DSI) and stress tolerance
index (STI)
DSI is derived from the yield difference between stress and non
stress environments [6]. Moreover, many authors used the DSI
[19,18,29] to characterize the yield stability between two envi-
ronments. Results of DSI and STI (Table 3), indicated that
lines L2, L4, L5, L7 and L8 which had a relatively high grain
yield and low drought susceptibility index under drought
stress, can be used in breeding programs to produce varieties
or hybrids having high grain yield ability and high tolerance
to drought stress.
3.2. Diversity analysis
The sixteen ISSR primer sets utilized to analyze wheat lines
generated 4–12 bands with approximately an average of 7
bands per primer. A total of 117 bands were scored, of which46 (39.3%) were polymorphic and 71 (60.7%) were monomor-
phic (Table 5). The highest percentage of polymorphism (%P)
was 75.0%, generated by UBC-881 (Fig. 1-I), while the lowest
was 11.1%, generated by UBC-846. The band size ranged from
440 to 2000 bp to that generated by UBC-811 and UBC-833,
respectively. The study result of %P was in agreement with
that (47.3%) obtained by El Siddig et al. [12]. In this regard,
Emel [17] found a higher %P than that herein reported
(76.07%). Also, Carvalho et al. [8] documented a very high
%P (98.5%) using 18 ISSR primers in 99 wheat accessions.
Contrary, Tok et al. [58] showed, the highest percent of poly-
morphic loci was very low (17.59%) among wheat genotypes.
Compared to other molecular markers used for genetic diver-
sity in wheat, our %P was about similar to those of SSR
(50.3%, [31] TRAP (40%, [2], RAPD (52.6%, [60], AFLP
(50.2%, [11], and SRAP (54.81%, [18].
ISSR primers used in this study were composed of di-,
tetra- and penta-nucleotide repeat sequences. These varied pri-
mers were found to show different levels of polymorphism.
The UBC-881 belonged to penta-nucleotide repeat sequences
(GGGTG) that produced the highest level of polymorphism,
while the UBC-846 belonged to di-nucleotide repeat sequences
(CA) that produced the lowest level of polymorphism
(Table 5). Likely, [54,53], they proposed that the polymor-
phism rates were higher when the motifs comprise three to ﬁve
nucleotides of microsatellite primers in wheat. In agreement
with results of Najaphy et al. [37], the results showed, UBC-
852 that belonged to tetra-nucleotide repeat sequences
(GATA) (GACA) produced a low level of polymorphism
(20%).
The polymorphism information content (PIC) index has
been used extensively in many genetic diversity studies
Table 4 Mean performance of all traits recorded for 20 bread wheat lines under normal (N) and drought stress (D), drought
susceptibility index (DSI) and stress drought index (STI) over two years.












N D N D N D N D N D N D N D
L1 102.49 92.69 324.75 264.63 11.71 11.21 38.23 28.68 5.02 2.78 1.03 55.44 14.31 7.91 35.09 39.26
L2 100.15 89.60 367.75 301.63 11.33 10.65 39.89 31.65 6.15 4.07 0.78 66.17 15.95 9.45 39.40 43.70
L3 103.96 96.14 335.50 273.88 11.20 10.69 39.87 30.90 5.80 3.10 1.07 53.54 16.19 9.45 36.34 36.49
L4 98.75 89.14 337.00 266.75 12.04 11.51 36.66 28.31 4.46 3.150 0.68 70.55 11.94 8.38 37.68 37.58
L5 106.78 97.44 298.88 233.63 12.73 12.06 37.13 28.61 5.20 3.43 0.78 66.00 16.85 9.52 30.83 36.06
L6 111.53 99.04 378.88 288.75 12.40 11.71 39.70 27.78 4.63 2.46 1.08 53.03 15.30 8.48 30.31 32.04
L7 104.19 97.53 390.13 295.88 12.18 11.30 40.45 31.51 5.32 3.130 0.95 58.81 17.99 10.05 38.30 31.27
L8 112.49 103.34 324.13 266.50 12.75 12.16 36.36 28.76 5.01 3.21 0.83 63.95 15.15 9.29 32.25 34.53
L9 110.18 94.64 251.13 207.00 11.99 10.88 36.20 26.43 3.74 2.24 0.92 59.92 15.14 7.22 24.64 31.63
L10 96.43 88.19 356.50 287.63 11.63 10.83 38.16 30.14 4.56 2.83 0.87 62.19 14.49 8.86 31.03 31.98
L11 103.54 92.64 324.88 252.13 11.50 11.04 40.65 31.93 4.89 2.70 1.03 55.22 17.07 8.69 28.89 31.12
L12 111.00 98.19 239.75 187.50 12.63 11.95 40.61 28.54 4.25 1.98 1.23 46.55 14.36 6.53 29.15 30.37
L13 97.99 89.69 349.88 274.50 12.15 11.21 41.13 30.76 5.79 2.549 1.29 43.98 17.23 8.51 33.58 29.99
L14 109.28 81.84 232.88 185.13 11.68 10.59 42.36 25.06 3.05 1.93 0.85 63.31 9.97 6.60 30.68 29.37
L15 101.40 91.01 359.75 293.75 12.90 12.34 41.53 29.81 5.81 2.39 1.36 41.14 18.05 9.92 32.13 24.17
L16 91.20 76.76 281.88 223.63 11.90 11.33 36.23 26.31 4.44 2.03 1.25 45.69 17.25 9.05 25.87 22.42
L17 100.08 91.11 285.63 228.50 11.43 10.68 36.64 24.34 4.16 2.24 1.06 53.92 13.90 6.83 30.30 32.85
L18 101.99 86.74 282.00 189.88 11.18 10.44 34.04 24.16 3.71 2.09 1.01 56.28 11.94 7.24 31.04 30.19
L19 96.38 85.96 305.00 233.63 10.85 10.25 40.45 28.68 4.66 2.15 1.24 46.25 12.30 6.70 39.33 32.36
L20 98.96 88.08 317.13 262.50 11.25 10.64 41.40 31.04 4.85 2.56 1.09 52.70 14.60 8.16 33.24 31.40
Mean 102.94 91.49 317.17 250.87 11.87 11.17 38.88 28.67 4.86 2.65 14.99 8.34 32.51 32.44
Check 104.28 94.65 334.65 274.38 11.64 11.31 39.50 29.88 4.78 3.12 15.23 8.16 29.66 30.69
LSD0.05 2.37 11.01 0.18 0.98 0.29 1.98 0.75
Table 5 Primers used in ISSR analysis, their sequences, AB, PB,%P, PIC, MI and FS for wheat lines (L1–L20).
Primer Sequence AB PB %P PIC MI FS (bp)
Larger Smaller
UBC-808 (AG)8C 6 2 33.3 0.06 0.12 940 560
UBC-811 (GA)8AC 8 5 62.5 0.29 1.45 1200 440
UBC-812 (GA)2GG(AG)4AA 5 1 20.0 0.04 0.04 1000 775
UBC-815 (TC)8A 5 1 20.0 0.04 0.04 920 450
UBC 818 G(GGGGT)3 7 3 42.9 0.10 0.30 1635 620
UBC-819 (GT)8A 5 1 20.0 0.04 0.04 1200 725
UBC-826 (AC)8C 6 2 33.3 0.06 0.12 1370 535
UBC-833 (GA)8TT 11 5 45.5 0.10 0.50 2000 635
UBC-834 (AG)8YT 7 2 28.6 0.13 0.26 1850 880
UBC-840 (CT)8TT 12 7 58.3 0.23 1.61 1950 725
UBC-846 (CA)8RT 9 1 11.1 0.04 0.04 1000 530
UBC-849 (GT)8YA 8 2 25.0 0.06 0.12 1025 590
UBC-852 (GATA)2(GACA)2 5 1 20.0 0.04 0.04 1345 420
UBC-876 (GATA)2(GACA)2 7 3 42.9 0.10 0.30 1840 770
UBC-880 (TC)8AA 4 1 25.0 0.12 0.12 1250 550
UBC-881 (GGGTG)3 12 9 75.0 0.20 1.80 1485 535
Total 117 46
Means 7.3 2.9 0.10 0.43
AB, ampliﬁed bands; PB, polymorphic bands;%P, percent of polymorphism; PIC, polymorphism information content; MI, marker index; FS,
fragment size and bp, base pair.
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fulness of DNA markers for gene mapping, molecular breed-
ing and germplasm evaluation [41]. In this study, PIC values
for the 16 ISSR primers varied from 0.04 to 0.23 with an aver-
age of 0.10 (Table 5). In this regard, Saleh [48] obtained similar
results to that ranging from 0.05 to 0.27 with an average of0.195 using the AFLP assay. Also, Muthusamy et al. [36] doc-
umented an average of 0.20 per ISSR primer among rice beans.
The moderate values of PIC for the ISSR primers could be
attributed to the diverse nature of wheat accessions and/or
highly informative ISSR markers [37]. In this study, MI values
ranged from 0.04 to 1.80 for the primers (UBC-812, UBC-815,
Figure 1 (I), ISSR ﬁngerprinting with primers UBC-811, B: UBC-849 and C: UBC-881 and (II), RAPD ﬁngerprinting with primers
OPAM-01 and B: OPF-10 of tested wheat lines (L1–L20), the arrows indicate the different molecular markers.
248 A.G.A. Khaled et al.UBC-819, UBC-846 and UBC-852), and UBC-881, respec-
tively. Our MI values were smaller than those, from 0.41 to
3.36, reported by Najaphy et al. [37].
Twenty RAPD primers were used for initial screening with
20 representative wheat lines, only 12 primers ampliﬁed poly-
morphic patterns. Ampliﬁcation products yielded a total of 95
scorable bands, between them 50 (53.2%) were polymorphic
with an average of 4.2 per primer (Table 3 and Fig. 1-II). The
highest number of bands (15) was obtained with primer OPF-
4, while the lowest number (5) was obtained with primers
OPG-05 and OPA-15 (Table 6). In accordance with [14,13], they
reported a %P of 52.6%, while, the %P of the present study
(53.2%) was higher than (18.8%), obtained by Saleh [48]. The
%P obtained in the present study based on the RAPD tech-
nique varied from those obtained in previous studies on differ-
ent plant species, like barley (77.06%, [24]; rice bean (70.30%,
[8], Vigna species (48%, [1] and maize (76.14%, [27].
In this investigation, the PIC values for the 12 RAPD pri-
mers ranged from 0.10 (OPF-10, OPP-05 and OPA-15) to
0.21 (OPF-4 and OPA-14) with an average of 0.15 (Table 6).
The average of PIC was smaller than 0.34 which was obtained
by Khavarinejad and Karimov [28] for wheat spring geno-
types. MI values for the RAPD technique were between 0.10
(OPA-15) and 2.31 (OPF-4).
3.3. Single marker analysis
The present study involved a set of 20 bread wheat lines, which
constitute important and diverse inbred lines of Egyptianbread wheat, exhibiting moderate to high genetic variability
for phenotypic traits analyzed during this work. Ninety-six
polymorphic molecular markers (ISSR = 46; RAPD= 50)
were screened using single marker analysis method across the
means of 7 phenotypic traits (Table 3), and 4 of these markers
were signiﬁcantly associated with 5 phenotypic traits. Results
showed that there were two markers (UBC-881450bp and
OPF-10540bp), on each of which two traits regressed signiﬁ-
cantly, and individual traits (grain yield) which regressed sig-
niﬁcantly on more than one marker. In analysis, the
associated markers each explained a maximum regression from
18.92% to 34.95% of the total available variation for individ-
ual associated traits (Table 7). Roy et al. [47] showed, the asso-
ciated markers each explained a maximum of 8.12% and
29.38% for tiller numbers and ﬂorets per spike traits analyzing
a total of 99 and 133 polymorphic SSR and AFLP bands,
respectively. Recently, Khaled and Hamam [20] obtained a
maximum regression of 10.74 (days to heading) to 11.60%
(spike length) of the total available variation for individual
associated traits. In this investigation, the ISSR markers
UBC-811850bp and UBC-881450bp (Table 7 and Fig. 1, I) were
regarded probably as candidate markers which were linked
to spike length and yield traits, respectively. Our ﬁndings were
supported by the ﬁndings of Nei and Li [39] who demonstrated
that ﬁve ISSRs were regarded as candidate markers, linked to
spike length per plant trait in wheat genotypes.
RAPD markers OPAM-01980bp and OPF-10540bp (Fig. 1,
II) were regarded may be as candidate markers which were
linked to the number of spikes per plant and 1000-kernel
Table 6 Primers used in RAPD analysis, their sequences, AB, PB,%P, PIC, MI and FS for wheat lines (L1-L20).
Primer Sequences AB PB %P PIC MI FS (bp)
Larger Smaller
OPF-4 GAATGCGGAG 15 11 73.3 0.21 2.31 2100 500
OPF-10 GGGCCACTCA 9 2 22.2 0.10 0.20 1150 360
OPA-17 GACCGCTTGT 8 4 50.0 0.16 0.64 2000 375
OPG-05 CTGACGTCAC 5 4 80.0 0.14 0.56 1700 400
OPAM-01 TCACGTACGG 7 3 42.8 0.13 0.39 2000 490
OPP-05 CCCCGGTAAC 8 3 37.5 0.10 0.30 1900 635
OPA-04 AATCGGGCTG 6 3 50.0 0.14 0.42 1350 440
OPA-06 GGTCCCTGAC 8 6 75.0 0.18 1.08 1650 540
OPA-09 GGGTAACGCC 6 2 33.3 0.14 0.28 1975 375
OPA-12 TCGGCGATAG 10 5 50.0 0.16 0.80 2050 380
OPA-14 TCTGTGCTGG 8 6 75.0 0.21 1.26 1890 410
OPA-15 TTCCGAACCC 5 1 20.0 0.10 0.10 1100 300
Total 95 50
Means 7.9 4.2 0.15 0.69
AB, ampliﬁed bands; PB, polymorphic bands;%P, percent of polymorphism; PIC, polymorphism information content; MI, marker index; FS,
fragment size and bp, base pair.
Table 7 Detailed analyses of variances (ANOVA) involving simple linear regression (R2) for traits using 46 ISSR and 50 RAPD
polymorphic bands.
Marker/type Trait Condition SV df SS MS R2 p-Value
UBC-811850bp (ISSRs) Spike length Normal Genotypes 1 0.92 0.92
* 24.09 0.028
Error 18 2.93 0.16
Total 19 3.86
UBC-881450bp (ISSRs) Grain yield Normal Genotypes 1 5.54 5.54
** 34.95 0.006
Error 18 10.31 0.57
Total 19 15.85
Biological yield Normal Genotypes 1 24.02 24.02* 26.02 0.022
Error 18 68.27 3.79
Total 19 92.29
Drought Genotypes 1 1434.61 1434.61* 19.39 0.051
Error 18 5960.72 331.15
Total 19 7395.33
OPAM-01980bp (RAPDs) Number of spikes/m
2 Normal Genotypes 1 9054.73 9054.73* 23.55 0.030
Error 18 29379.50 1632.19
Total 19 38434.23
OPF-10540bp (RAPDs) 1000-kernel weight Normal Genotypes 1 31.01 31.01
** 30.33 0.011
Error 18 71.22 3.96
Total 19 102.23
Drought Genotypes 1 25.94 25.94* 23.66 0.029
Error 18 83.69 4.65
Total 19 109.63
Grain yield Normal Genotypes 1 3.03 3.03* 18.92 0.053
Error 18 12.82 0.71
Total 19 15.85
*,** Signiﬁcant at 0.05 and 0.01 probability levels, respectively.
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relation was observed between the number of spikes/m2 trait
and the presence of the OPAM-01980bp marker. In other
words, by increasing the number of spikes/m2, the probability
of observing the OPAM-01980bp marker decreases (Fig. 1,II).
Similar results were obtained by Mohammadi et al. [34].
Under normal conditions, results in Table 7 showed signif-
icant and highly signiﬁcant regressions (0.92*, p= 0.028),
(5.54** p= 0.006) and (24.02*, p= 0.022) on spike length,
grain and biological yield traits, respectively. Moreover, underdrought conditions, results showed signiﬁcant regressions
(1434.61*, p= 0.051) and (25.94*, p= 0.029) on biological
yield and 1000-kernel weight traits, respectively. Recently,
El-Rawy and Youssef [16] used SRAP markers to evaluate
bread wheat genotypes under drought stress, they reported
that SRAP molecular markers were able to generate some
unique and speciﬁc bands for certain genotypes related to
drought tolerance. Determining the genetic basis of tolerance
involves correlating the incidence of molecular markers with
phenotypic scores to predict DNA genomic regions that
Table 8 Similarity percent of ISSR (below diagonal) and RAPD (above diagonal) markers among wheat lines (L1–L20).
Lines L1 L2 L3 L4 L5 L6 L7 L8 L9 L10 L11 L12 L13 L14 L15 L16 L17 L18 L19 L20
L1 0.94 0.89 0.97 0.91 0.99 0.90 0.99 0.89 0.97 0.97 0.89 0.89 0.88 0.96 0.90 0.92 0.95 0.95 0.92
L2 0.93 0.94 0.94 0.90 0.96 0.90 0.96 0.91 0.97 0.97 0.85 0.89 0.93 0.96 0.93 0.94 0.92 0.89 0.92
L3 0.95 0.92 0.89 0.90 0.90 0.84 0.90 0.91 0.91 0.92 0.85 0.89 0.99 0.90 0.93 0.94 0.86 0.83 0.86
L4 0.91 0.91 0.90 0.93 0.99 0.90 0.99 0.91 0.97 0.97 0.88 0.91 0.87 0.96 0.90 0.91 0.94 0.92 0.92
L5 0.92 0.90 0.91 0.95 0.92 0.86 0.92 0.93 0.9 0.93 0.87 0.90 0.92 0.92 0.83 0.88 0.88 0.85 0.88
L6 0.94 0.93 0.93 0.95 0.92 0.91 1.00 0.90 0.99 0.99 0.90 0.90 0.89 0.97 0.91 0.93 0.96 0.93 0.90
L7 0.91 0.92 0.90 0.92 0.89 0.91 0.91 0.81 0.90 0.93 0.93 0.81 0.83 0.91 0.82 0.84 0.87 0.85 0.85
L8 0.93 0.93 0.91 0.95 0.94 0.94 0.92 0.90 0.99 0.99 0.90 0.90 0.89 0.97 0.91 0.93 0.96 0.93 0.90
L9 0.90 0.90 0.90 0.92 0.91 0.93 0.92 0.93 0.91 0.89 0.85 0.91 0.93 0.87 0.87 0.91 0.86 0.83 0.86
L10 0.93 0.91 0.89 0.95 0.91 0.95 0.90 0.94 0.92 0.97 0.88 0.89 0.90 0.96 0.93 0.94 0.94 0.92 0.92
L11 0.93 0.93 0.92 0.92 0.91 0.95 0.89 0.91 0.92 0.96 0.89 0.89 0.90 0.99 0.90 0.92 0.95 0.92 0.92
L12 0.90 0.90 0.90 0.90 0.86 0.90 0.92 0.92 0.91 0.94 0.91 0.85 0.84 0.90 0.84 0.82 0.86 0.86 0.8
L13 0.96 0.93 0.94 0.94 0.93 0.94 0.91 0.96 0.90 0.93 0.93 0.91 0.87 0.87 0.84 0.86 0.94 0.92 0.92
L14 0.95 0.92 0.95 0.93 0.93 0.94 0.90 0.93 0.90 0.91 0.92 0.89 0.97 0.89 0.91 0.96 0.85 0.82 0.85
L15 0.93 0.94 0.95 0.91 0.94 0.92 0.92 0.94 0.92 0.90 0.91 0.91 0.94 0.94 0.91 0.90 0.93 0.93 0.9
L16 0.90 0.90 0.91 0.88 0.90 0.90 0.85 0.90 0.87 0.90 0.91 0.87 0.93 0.92 0.91 0.96 0.87 0.87 0.85
L17 0.90 0.91 0.91 0.92 0.94 0.94 0.89 0.91 0.92 0.92 0.94 0.89 0.92 0.93 0.91 0.92 0.89 0.86 0.86
L18 0.92 0.92 0.90 0.94 0.94 0.97 0.93 0.95 0.94 0.93 0.93 0.88 0.92 0.92 0.92 0.88 0.95 0.97 0.95
L19 0.91 0.93 0.90 0.96 0.95 0.96 0.92 0.94 0.93 0.92 0.91 0.87 0.91 0.91 0.92 0.87 0.93 0.98 0.95
L20 0.92 0.95 0.91 0.90 0.92 0.92 0.93 0.92 0.91 0.93 0.94 0.91 0.92 0.90 0.93 0.90 0.93 0.93 0.93
Figure 2 UPGMA-Dendrogram of genetic similarities using ISSR data based on Nei and Li’s coefﬁcient among tested wheat lines (L1–
L20).
250 A.G.A. Khaled et al.harbor a factor inﬂuencing the plant’s response [46]. Our
results demonstrated the importance of understanding which
ISSR and RAPD markers function in the environment in
which the markers may be deployed. Molecular markers that
respond most consistently and to the greatest extent in the tar-
get environment are the prime candidates for marker-assisted
selection. Therefore, ISSR and RAPD markers identiﬁed dur-
ing the present study need to be subjected to validation and/or
functional analysis of respective traits.
3.4. Similarity coefﬁcient analysis
The similarity coefﬁcient for ISSR markers ranged from 0.86
to 0.98 (Table 8, below diagonal). The UPGMA clusteranalysis based on the ISSR marker separated the tested lines
into two different clusters based on a similarity coefﬁcient of
0.90 (Fig. 2). The line ‘‘L16’’ was placed alone in the ﬁrst clus-
ter. The second main cluster was separated into four sub-
branches: I-a with lines ‘‘L12 and L7’’, I-b with lines ‘‘L15,
L1, L13, L14 and L3’’, I-c which contained lines ‘‘L2, L20,
L10 and L11’’ and I-d with other studied lines (Fig. 2). In this
main cluster, lines ‘‘L19 and L8’’ gathered at a high similarity
coefﬁcient of 0.98%. Based on RAPD data, the similarity coef-
ﬁcient ranged from 0.81 to 1.00 (Table 8, above diagonal). On
the Dendrogram, the cluster analysis separated the tested lines
into two main clusters (Fig. 3). The ﬁrst cluster includes lines
L12, and L7. The second cluster was sub-divided into four
sub-clusters, whereas the ﬁrst (I-a) had lines L17, L16, L3,
Figure 3 UPGMA-Dendrogram of genetic similarities using RAPD data based on Nei and Li’s coefﬁcient among tested wheat lines
(L1–L20).
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third sub-cluster (I-c) contained 11 lines (Fig. 3) which gath-
ered at 0.90 similarity coefﬁcient with the fourth sub-cluster
(I-d: L13, L5 and L9). In accordance with Zar and Ahmadi
[61] the dendrogram constructed by the combined RAPD
and ISSR data gave a relatively different clustering pattern.
3.5. Association of ISSR and RAPD data
The correlation (r) and the Mantel test statistic (Z) were calcu-
lated to measure the degree of relationship between the similar-
ity matrices obtained with ISSR and RAPD data. Results
showed that this correlation was insigniﬁcant (0.168,
p> 0.05). The main reason for the difference between
RAPD and ISSR results is that the two marker techniques tar-
geted different parts of the genome [55]. But, Kaul et al. [26]
reported a high correlation (r= 0.86) between RAPD and
ISSR markers in Jatropha curcas plants. Finally, the optimal
strategies of the breeding system require extensive knowledge
of the breeding materials employed. Results presented here will
be useful to understand the current status of genetic diversity
between Egyptian bread wheat lines. Because all PCR-based
markers applied in the present study were randomly selected
from the entire wheat genome, exploring genetic variation
for speciﬁc traits could not be expected [58] with advances in
mapping of quantitative trait loci (QTL) for many agronomic
important traits in wheat [7], it becomes possible to detect the
allelic variation at these loci among accessions by using marker
haplotypes.
4. Conclusion
This study gave some important clues that each genetic trait
under study responded differently to drought stress.
Genotypes also showed a wide variation in their response to
drought stress tolerance. Lines L2, L4, L5, L7 and L8 showed
drought tolerance by showing a high performance inagronomic traits as well as a low drought susceptibility index,
indicating that due to their drought tolerance they can be
employed in breeding programs in stress environments.
RAPD and ISSR markers could be efﬁcient for the determina-
tion of the genetic diversity of bread wheat lines. These molec-
ular markers can be used for the selection of diverted wheat
lines which would increase the efﬁciency and precision of
breeding programs. The results of single marker analysis
showed that 4 out of 96 molecular markers were signiﬁcantly
associated with 5 phenotypic traits. We believe that at least
one of the markers identiﬁed during the present study would
be validated and used for marker-assisted selection programs
involving Egyptian bread wheat lines.
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